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
$EVWUDFW
&RORUHFWDO FDQFHU &5& LV DPDMRU FDXVHRI FDQFHUPRUWDOLW\ ORVV RI WKH$SFJHQH LVDQ
HDUO\VWHSLQWKHIRUPDWLRQRI&5&

$QHZFRPSXWDWLRQDOPRGHORIWKHFRORQLFFU\SWKDVEHHQGHYHORSHGWRVLPXODWHWKHHIIHFWV
RI $SF ORVV 7KH PRGHO LQFOXGHV D UHJLRQ RI IODW PXFRVD ZKLFK KDV QRW SUHYLRXVO\ EHHQ
FRQVLGHUHGLQWKHFRQWH[WRI$SFORVV

7KHPRGHO VXJJHVWV WKDW$SF ORVV FRQIHUVD VXUYLYDO DGYDQWDJH DW WKHFU\SW PRXWKZKLFK
PD\EHDSUHYLRXVO\XQNQRZQPHWKRGRIPXWDWLRQIL[DWLRQ

 
,QWURGXFWLRQ

%LRORJLFDO%DFNJURXQG
7KH KXPDQ ODUJH LQWHVWLQH FRQVLVWV RI DQ HSLWKHOLDO PRQROD\HU IRUPLQJ WKH IODW PXFRVDO
VXUIDFHSXQFWXDWHGE\JODQGVNQRZQDV WKHFU\SWVRI /LHEHUNXKQ )LJ$ 7KHVHFU\SWV
DUHWKHIXQFWLRQDOXQLWRIWKHFRORQLFHSLWKHOLXPVXSSRUWLQJWKHUDSLGWXUQRYHURIFHOOVLQWKH
RUJDQ WKURXJKFRQVWDQWGLYLVLRQDQGGLIIHUHQWLDWLRQV RI VWHPFHOOV ORFDWHG DW WKHLU EDVHDV
VXFKWKHSHUWXUEDWLRQRIWKHLUWXUQRYHUDQGLQDSSURSULDWHDFFXPXODWLRQRIFHOOVLVLPSOLFDWHG
LQ IRUPDWLRQ RI FRORUHFWDO FDQFHU &5&   ,GHQWLI\LQJ WKHVH XQGHUO\LQJ KRPHRVWDWLF
SURFHVVHVLVWKHUHIRUHFUXFLDOLQXQGHUVWDQGLQJWKHSDWKRSK\VLRORJ\RIFRORUHFWDOGLVHDVH

$ KXPDQ FRORQLF FU\SW FRQWDLQV DSSUR[LPDWHO\  FHOOV RU FRORQRF\WHV  7KHUH LV D
VWHPFHOOFRPSDUWPHQWDW WKHEDVHRI WKHFU\SWZKLFK LVHVWLPDWHG WRFRPSULVHDURXQG
FHOOVZKLFKDUHSXUSOHLQ)LJ$&HOOVH[LWLQJWKHVWHPFHOOFRPSDUWPHQWYDULRXVO\FDOOHG
WUDQVLWDPSOLI\LQJFHOOVRUSUROLIHUDWLQJFHOOV OLJKWEOXHLQWKHILJXUHDFFRXQWIRUDURXQG
RIFHOOV LQWKHFU\SW)XOO\GLIIHUHQWLDWHGFHOOV LQFOXGHZDWHUDEVRUELQJFRORQRF\WHVUHG
ZKLFK FRPSRVH URXJKO\  RI GLIIHUHQWLDWHG FHOOV PXFXV VHFUHWLQJ JREOHW JUHHQ FHOOV
ZKLFK DFFRXQW IRU URXJKO\  RI GLIIHUHQWLDWHG FHOOV DQG KRUPRQH VHFUHWLQJ
HQWHURHQGRFULQH FHOOV \HOORZ ZKLFK GLIIHUHQWLDWH GLUHFWO\ IURP VWHP FHOOV UDWKHU WKDQ IURP
WUDQVLWDPSOLI\LQJFHOOVDQGDFFRXQWIRUOHVVWKDQRIGLIIHUHQWLDWHGFHOOV

&HOOSUROLIHUDWLRQDQGGLIIHUHQWLDWLRQDORQJWKHFU\SWD[LVLVJRYHUQHGE\DJUDGLHQWRI:QW
EHLQJ VWURQJHVW DW WKH ERWWRP RI WKH FU\SW ZKHUH SUROLIHUDWLRQ UDWHV DUH KLJKHVW   7KLV
SUROLIHUDWLRQLVEDODQFHGE\DQRLNLVDIRUPRIFHOOGHDWKRFFXUULQJZKHQDFHOOORVHVFRQWDFW
ZLWKWKHEDVHPHQWPHPEUDQH ,W LV WKRXJKWWRRFFXUDWWKHWRSRIWKHFU\SWZKHUHFHOOV
DUH VKHG LQWR WKH LQWHVWLQDO OXPHQ DV D QRUPDO SK\VLRORJLFDO SURFHVV PDLQWDLQLQJ FHOOXODU
KRPHRVWDVLVLQWKHWLVVXH,QQRUPDOWLVVXHDFRQVWDQWF\FOHRIFHOOSUROLIHUDWLRQDQGORVV
UHVXOWV LQ D KRPHRVWDWLF FRQGLWLRQ ZKHUH WKH HQWLUH FU\SW VWHP FHOOV DVLGH LV WXUQHG RYHU
HYHU\GD\VLQKXPDQV

$EQRUPDOLWLHV LQ WKHVH FHOO UHSODFHPHQW SURFHVVHV DUH VWURQJO\ LPSOLFDWHG DV WKH HDUOLHVW
VWDJHVLQ&5&GHYHORSPHQW/RVVRIIXQFWLRQRIWKHWXPRXUVXSSUHVVRUSURWHLQ$SFGXHWR
PXWDWLRQLVDNQRZQVWHSLQHDUO\FDUFLQRJHQHVLV7KHFKDQJHVLQFHOOSURSHUWLHVGXHWR
$SF ORVV DUH FKDUDFWHULVHG LQYLWUR EXW WKHLU RYHUDOO HIIHFW RQ FU\SW G\QDPLFV LV QRW ZHOO
XQGHUVWRRG

7KHUHDUHWZRPDLQHIIHFWVRI$SFORVVRQHSLWKHOLDOFHOOV7KHILUVWHIIHFWLVXSUHJXODWLRQRI
SUROLIHUDWLRQGXHWRDFWLYDWLRQRIWKH:QWSDWKZD\$3&IRUPVDGHVWUXFWLRQFRPSOH[IRUȕ
FDWHQLQ SUHYHQWLQJ LW IURP DFFXPXODWLQJ LQ WKH QXFOHXV ZKHUH LW XSUHJXODWHV SUROLIHUDWLYH
JHQHV  :17 DFWV E\ ELQGLQJ $3& DQG SUHYHQWLQJ LW IURP IRUPLQJ WKH EHWDFDWHQLQ
GHVWUXFWLRQFRPSOH[ WKXVDOORZLQJEHWDFDWHQLQ WR DFFXPXODWHDQG PLJUDWH WR WKH QXFOHXV
ORVV RI WKH $SF JHQH SUHYHQWV WKH EHWDFDWHQLQ GHVWUXFWLRQ FRPSOH[ IURP IRUPLQJ ZKLFK
DOORZVEHWDFDWHQLQWRDFFXPXODWHLQWKHVDPHPDQQHUDVLIWKH:QWSDWKZD\ZHUHDFWLYDWHG
7KLV OHDGV WR FHOOV SUROLIHUDWLQJ LQ D VLPLODU PDQQHU WR FHOOV LQ D KLJK :17 HQYLURQPHQW
UHJDUGOHVVRIWKHDFWXDOOHYHORI:17DYDLODEOH

ȕFDWHQLQLVDOVRNQRZQWREHYLWDOIRUFHOOFHOODGKHVLRQDQGWKLVFDQDOVREHUHJXODWHG
E\$SFEDVHGGHVWUXFWLRQ/RVVRI$SFOHDGVWRPRUHȕFDWHQLQEHLQJDYDLODEOHWRIRUPFHOO
DGKHUHQVMXQFWLRQVDQGWKHUHIRUHVWURQJHUFHOOFHOODGKHVLRQ$GKHVLYHLQWHUDFWLRQVZLWKWKH
H[WUD FHOOXODU PDWUL[ PD\ DIIHFW WKH SURFHVV RI DQRLNLV  $Q LQFUHDVH LQ DGKHVLRQ ZLWK WKH
H[WUD FHOOXODUPDWUL[PD\DOVR OHDG WRDQ LQFUHDVHGDPRXQWRIGUDJRQSDVVLYHO\PLJUDWLQJ
HSLWKHOLDOFHOOV

:H K\SRWKHVLVH WKDW WKHVH PHFKDQLFDO FKDQJHV ZLOO UHVXOW LQ PXWDWHG FHOOV GLVSOD\LQJ
GLIIHUHQWEHKDYLRXUWRZLOGW\SHFHOOVLQSDUWLFXODUDWWKHFU\SWPRXWK


&RPSXWDWLRQDO0RGHOOLQJ
7KH G\QDPLF QDWXUH RI WKH SURFHVVHV ZLWKLQ WKH FU\SW PHDQV WKDW WKH\ DUH LPSRVVLEOH WR
VWXG\ WKURXJK WUDGLWLRQDO H[SHULPHQWDO PHWKRGV  %LRSVLHV DQG DQLPDO PRGHOV FDQ RQO\
SURYLGH VQDSVKRWV RI WKH FU\SW DW D VLQJOH PRPHQW LQ WLPH DQG H[WUDSRODWLQJ IURP RQH
WLPHSRLQWWRDQRWKHULVFKDOOHQJLQJGXHWRWKHHPHUJHQWQDWXUHRIFHUWDLQSURFHVVHV'XHWR
WKHVH GLIILFXOWLHV WKH FU\SW LV DQ DWWUDFWLYH WDUJHW IRU FRPSXWDWLRQDO PHWKRGV  $ UDQJH RI
FRPSXWDWLRQDO PRGHOV KDYH EHHQ DSSOLHG WR FU\SW G\QDPLFV ZKLFK YDU\ LQ WHUPV RI WKHLU
EDVLFDVVXPSWLRQVXQGHUO\LQJPHWKRGRORJLHVDQGGHJUHHRIVSDWLDOUHVROXWLRQ

&RPSDUWPHQWPRGHOV 7RPOLQVRQHW DO  6PDOOERQHHW DO  FRQVLGHU WKHFRPSRVLWH
EHKDYLRXURIGLIIHUHQWSRSXODWLRQVRIFHOOVZLWKLQWKHFU\SWDQGLPSOHPHQWUXOHVJRYHUQLQJWKH
JURZWK DQG LQWHUDFWLRQV EHWZHHQ WKHVH SRSXODWLRQV LQ WKH IRUP RI RUGLQDU\ GLIIHUHQWLDO
HTXDWLRQV 2'(V  7KH FU\SW KDV DOVR EHHQ PRGHOOHG DV D FRQWLQXXP   XVLQJ SDUWLDO
GLIIHUHQWLDOHTXDWLRQVWRUHSUHVHQWWKHVSDWLDOGLVWULEXWLRQRIWKHGLIIHUHQWFHOOFRPSDUWPHQWV
,QWKLVFRQWH[WFHOOVDUHVWLOOPRGHOOHGDVSRSXODWLRQVUDWKHUWKDQGLVFUHWHHQWLWLHV7KHILUVW
PRGHOVWRFRQVLGHUFHOOVDVLQGLYLGXDOHQWLWLHVZHUHODWWLFHEDVHGPRGHOVDQDSSURDFKVWLOOLQ
XVHGXHWR LWVFRPSXWDWLRQDOHIILFLHQF\+HUHWKHFU\SW LVPRGHOOHGDVDODWWLFHRUJULG
ZKHUHHDFKODWWLFHSRLQWRUQRGHFDQEHRFFXSLHGE\DFHOO7KHOLPLWDWLRQKHUHLVWKDWFHOOV
FDQ RQO\ PRYH IURP VSDFH WR VSDFH LQ GLVFUHWH MXPSV PHDQLQJ UHDOLVWLF LQWHUFHOOXODU
LQWHUDFWLRQVFDQQRWEHPRGHOOHG7KLVOLPLWDWLRQFDQEHRYHUFRPHE\XVLQJDPRUHFRPSOH[
PRGHOOLQJSDUDGLJPVXFKDVWKH&HOOXODU3RWWVPHWKRGZKLFKZDVXVHGWRVKRZWKDW(SKULQH
VLJQDOOLQJFDQFDXVHFHOOVWRVRUWLQWRVSDWLDOO\GLVWLQFWUHJLRQVZLWKLQWKHFU\SW+RZHYHU
WKHVHPRGHOVKDYHWKHGLVDGYDQWDJHRIEHLQJFRPSXWDWLRQDO\H[SHQVLYH

$JHQWEDVHGPRGHOV$%0VUHSUHVHQWFHOOVDVIUHHDJHQWVPRYLQJLQVSDFH(DFKFHOO
DFWV DV DQ LQGHSHQGHQW DJHQW ZLWK QR JOREDOO\ RYHUDUFKLQJ FRQWURO  7KLV DSSURDFK LV
DSSHDOLQJ IRUELRORJLFDOPRGHOOLQJDV LWFDSWXUHV WKHQDWXUHRIELRORJLFDOFHOOVDV LQGLYLGXDO
DXWRQRPRXV HQWLWLHV WKDW FDQ UHVSRQG WR VLJQDOOLQJ FXHV DQG DOVR DOORZV WKH PRGHOOHU WR
FDSWXUHWKHLPSRUWDQWFRQFHSWRILQWHUFHOOXODUKHWHURJHQHLW\

,Q PRVW H[LVWLQJPRGHOV FHOO GHDWK LV QRW H[SOLFLWO\ UHODWHG WR D ELRORJLFDO PHFKDQLVP EXW
DWWHPSWVWRFDSWXUHSKHQRPHQRORJLFDOO\WKHNQRZQEHKDYLRXUWKDWFHOOVSUHGRPLQDQWO\GLHDW
WKH WRSRI WKHFU\SW )RU LQVWDQFHDGHWHUPLQLVWLFFHOOGHDWKUXOH LVDFWLYDWHGDVVRRQDVD
FHOO UHDFKHV WKH WRS RI WKH FU\SW  RU FHOOV GLH VWRFKDVWLFDOO\ ZLWK D SUREDELOLW\ WKDW
LQFUHDVHVWRZDUGVWKHFU\SWWRS

0LUDPVHWDOGHYHORSHGDQDJHQWEDVHGPRGHOWRVWXG\WKHHIIHFWVRI$SFJHQHPXWDWLRQ
RQ WKHFU\SW  ,QFUHDVHGSUROLIHUDWLRQD ODUJHUSUROLIHUDWLYHFRPSDUWPHQW IRU$SF LHERWK
FRSLHV RI WKH $SF JHQH KDYH EHHQ PXWDWHG FHOOV DQG D VWURQJHU EDVHPHQW PHPEUDQH
DWWDFKPHQW IRU $SF  FHOOV ZHUH PRGHOOHG DQG SODFHG LQ FRPSHWLWLRQ ZLWK ZLOG W\SH FHOOV
ZLWKLQ D FU\SW  6XUYLYDO DGYDQWDJHV ZHUH IRXQG IRU DOO WKUHH HIIHFWV RI $SF ORVV  7KH
JHRPHWU\RIWKHFU\SWPRXWKZDVQRWPRGHOOHGDQGFHOOGHDWKZDVPRGHOOHGE\DUXOHZKLFK
UHPRYHGDQ\FHOOWKDWUHDFKHGWKHWRSRIWKHFU\SWDVVXFKLWZDVLPSRVVLEOHWRPRGHOWKH
LQWHUDFWLRQEHWZHHQ$SFORVVDQG$QRLNLV

'XQQHWDOXVHGDQDJHQWEDVHGPRGHOWRH[DPLQHWKHUROHRIWKHEDVHPHQWPHPEUDQH
LQFU\SWIRUPDWLRQDQGDOVRLQFOXGHGWKHFRQFHSWRIDQRLNLV7KHPRGHOSUHGLFWHGWKDWZKLOVW
DQRLNLV GLG RFFXU DW WKH FU\SW PRXWK LW DOVR RFFXUUHG WKURXJKRXW WKH FU\SW DQG ZDV PRVW
SURPLQHQWDWWKHFU\SWEDVH$VVXFKWKHUHZDVQRVLJQLILFDQWFHOOPLJUDWLRQLQWKHVLPXODWHG
FU\SW DQG D SKHQRPHQRORJLFDO UXOH GLFWDWLQJ FHOO GHDWK DW WKH FU\SW PRXWK KDG WR EH
LQWURGXFHGWRJLYHULVHWRWKHFRUUHFWPLJUDWLRQEHKDYLRXU

3UHYLRXVO\ZHKDYHGHYHORSHGDQ$%0WRVWXG\KRPHRVWDWLFSURFHVVHVZLWKLQWKHFU\SW
7KLVPRGHOH[WHQGHGHDUOLHUZRUNE\H[SOLFLWO\PRGHOOLQJWKHFU\SWPRXWKIRUWKHILUVWWLPHDQG
LQFOXGLQJUXOHVWRVLPXODWHDQRLNLV8QOLNHWKHRQO\SUHYLRXVVWXG\WRLQFOXGHDQRLNLVWKLV
PRGHO ZDV DEOH WR FRUUHFWO\ SUHGLFW WKH ORFDOLVDWLRQ RI DQRLNLV WR WKH FU\SW PRXWK E\
LQFRUSRUDWLQJDPRUHDFFXUDWHPRGHORIWKHFHOOJHRPHWU\$QRWKHUSUHGLFWLRQRIWKLVPRGHO
ZDVWKDWDQRLNLVUHJXODWHVFHOOXODULW\ZLWKLQWKHFU\SWDQGLVDNH\KRPHRVWDWLFSURFHVV$V
VXJJHVWHG E\ ELRORJLFDO H[SHULPHQW  DQRLNLV UDWHV HPHUJHQWO\ PDWFKHG SUROLIHUDWLRQ
UDWHV DQG FRQVWUDLQHG WKH FU\SW WR D VWHDG\ VWDWH XQGHU DOO WHVW FRQGLWLRQV  &KDQJHV LQ
SUROLIHUDWLRQ UDWHV GLG OHDG WR FKDQJHV LQ WKH VWHDG\ VWDWH HTXLOLEULXP SRLQW IRU FHOOXODULW\
ZKLFKGLVSOD\HGQRQOLQHDULWLHVDQGZHK\SRWKHVLVHWKDWWKHVHSURFHVVHVPD\EHVHQVLWLYHWR
WKHHIIHFWVRI$SFPXWDWLRQ:HZHUHPRWLYDWHGWRVWXG\WKHFU\SWPRXWKLQRUGHUWRIXOILORXU
ORQJHU WHUP DLP RI GHYHORSLQJ D PXOWLFU\SW PRGHO LQFOXGLQJ D UHSUHVHQWDWLRQ RI WKH IODW
PXFRVDEHWZHHQDGMDFHQWFU\SWV

,WKDVEHHQVKRZQWKDWPXWDWLRQVLQDFU\SWFHOOFDQEHFRPHSHUPDQHQWO\IL[HGLQWKHFU\SW
WKURXJKDSURFHVVFDOOHGPRQRFORQDOFRQYHUVLRQ)LJ%7KHLQIOXHQFHRI$SFORVVRQWKLV
SURFHVV LVQRWIXOO\XQGHUVWRRGDQGWKH LQWHUDFWLRQRI$SFORVVPRQRFORQDOFRQYHUVLRQDQG
DQRLNLVKDVQRWSUHYLRXVO\EHHQLQYHVWLJDWHG

:HVRXJKWWRH[WHQGRXU$%0LQRUGHUWRH[SORUHWKHFRQVHTXHQFHVRI$SFORVVRQWKH
FU\SW¶V KRPHRVWDWLF PHFKDQLVPV  :H DGGHG UXOHV IRU PXWDWHG FHOOV DQG FRGH WR WUDFN
SRSXODWLRQVRIVXFKFHOOVDVGHVFULEHGLQVHFWLRQ
 
0DWHULDOVDQG0HWKRGV
$QDJHQWEDVHGPRGHOZDVXVHGWRLQYHVWLJDWHWKHLQWHUDFWLRQRI$SFPXWDWLRQPRQRFORQDO
FRQYHUVLRQDQGDQRLNLV8QOLNHSUHYLRXVFU\SWPRGHOVLWH[SOLFLWO\LQFOXGHVDUHSUHVHQWDWLRQ
RIDQRLNLVDQGD UHDOLVWLF UHSUHVHQWDWLRQRI WKHPRUSKRORJ\RI WKHFU\SW WRS 'HWDLOVRI WKLV
PRGHODUHDYDLODEOHLQRXUSUHYLRXVSDSHUDQGDVXPPDU\LVSUHVHQWHGEHORZ

,Q WKHPRGHOHDFKFHOO LV UHSUHVHQWHGE\DVRIWZDUHDJHQWZKLFKEHKDYHVDFFRUGLQJ WR LWV
RZQLQWHUQDOVWDWHDQGNQRZQELRORJLFDOVLJQDOVZLWKQRJOREDOFRQWURO&HOOVPRYHLQWKUHH
GLPHQVLRQVGXHWRDQXPEHURIIRUFHVDFWLQJXSRQWKHP7KHPDLQIRUFHLVWKDWRIFHOOFHOO
UHSXOVLRQ ZKLFKFDXVHV WKH PDMRULW\RIPRYHPHQW ZLWKLQ WKHFU\SW 7KLV LV PRGHOOHGDVD
SDLUZLVHGDPSHGVSULQJV\VWHPREH\LQJ(T

) UU_S±S_S±S_S±S_NLII_S±S_UU   

:KHUHN LVDFRQVWDQWGHWHUPLQLQJ WKHVWUHQJWKRI WKHIRUFHSDQGSDUHWKH ORFDWLRQVRI
WKHWZRFHOOVDQGUDQGUDUHWKHUDGLLRIWKHWZRFHOOV)LJ&1HJOHFWLQJLQHUWLDOHIIHFWV
LHDVVXPLQJDGPDSHGVSULQJPRGHOZKHUHPRPHQWXPIURPWKHSUHYLRXVWLPHVWHSFDQEH
LJQRUHGWKHYHORFLW\RIWKHFHOOLVWKHQGHWHUPLQHGVROHO\IURPWKLVIRUFH

7KHDJHQWVSURJUHVVWKURXJKDVLPSOHFHOOF\FOHWKDW LQFRUSRUDWHVTXLHVFHQFHJURZWKDQG
GLYLVLRQ GHSHQGLQJ RQ WLPH DQG ORFDWLRQ ZLWKLQ WKH FU\SW  7KLV LV EDVHG RQ WKH QLFKH
K\SRWKHVLV  RI FHOO IXQFWLRQ ZLWKLQ WKH FU\SW DQG LV GULYHQ E\ D VLPXODWHG JUDGLHQW RI
:17  7KH OHQJWK RI WKH JURZWK SKDVH * IRU HDFK FHOO LV LQGLYLGXDOO\ VWRFKDVWLFDOO\
VDPSOHG IURP D QRUPDO GLVWULEXWLRQ ZLWK PHDQ DQG VWDQGDUG GHYLDWLRQ WDNHQ IURP WKH
OLWHUDWXUH  WKH WLPHVSDQ RI WKH TXLHVFHQW * DQG GLYLVLRQ 0 SKDVHV DUH VLPSOH
WLPHVSDQVZKLFKDUHLGHQWLFDODFURVVDOOFHOOVDQGVRXUFHGLQWKHVDPHZD\DVWKHYDOXHIRU
JURZWKSKDVH

$QDGGLWLRQDOIRUFHUHSUHVHQWHGXVLQJWKHGDPSHGVSULQJPRGHOGHVFULEHGE\(TDQGRI
WKHVDPHIRUPDV(TDFWV WRNHHSFHOOV LQFRQWDFWZLWK WKHEDVHPHQWPHPEUDQH ,Q WKH
HYHQW WKDW FHOOVDUH IRUFHGDZD\ IURP WKHPHPEUDQHDQRLNLV LV LQGXFHGZKHQD WKUHVKROG
VHSDUDWLRQLVUHDFKHG

) S±SENE          

:KHUH NE LV WKH SDUDPHWHU FRQWUROOLQJ WKH VWUHQJWK RI DWWDFKPHQW WR WKH EDVHPHQW
PHPEUDQHS LV WKH ORFDWLRQRI WKHFHOODQGSE LV WKH ORFDWLRQRI WKHFORVHVWSRLQWRQ WKH
PHPEUDQHWRS)LJ&

7KH H[LVWLQJ PRGHO ZDV H[WHQGHG WR DOORZ PXWDWHG FHOOV WR EH LQFOXGHG DQG SDUWLFXODU
SURSHUWLHVTXLHVFHQWWLPHPHPEUDQHDWWDFKPHQWVWUHQJWKDQGFHOOGUDJYDULHGGHSHQGLQJ
RQ ZKHWKHU FHOO DJHQWV KDYH WKRVH SURSHUWLHV WDJJHG DV PXWDWHG RU ZOGW\SH  0XWDWHG
SURSHUWLHVDUHLQKHULWHGE\GDXJKWHUFHOOVIROORZLQJFHOOGLYLVLRQ

7KHPRGHO UHVXOWV LQD WKUHHGLPHQVLRQDOVLPXODWLRQRI WKHFU\SWZKHUHFHOOVRULJLQDWH LQD
VPDOO VWHP FHOO FRPSDUWPHQW DW WKH ERWWRP RI WKH FU\SW DQG IORZ XS WR WKH IODW PXFRVD
XQGHUJRLQJDSHULRGRIUDSLGSUROLIHUDWLRQ2XUSUHYLRXVSDSHUVKRZHGWKHH[LVWLQJPRGHOLV
LQ JRRG DJUHHPHQW ZLWK RWKHU PRGHOV RI WKH FU\SW DQG GLVSOD\V SKHQRPHQD VXFK DV
PRQRFORQDOFRQYHUVLRQDQGSDVVLYHPLJUDWLRQRIFHOOV

$ QXPEHU RI LQVLOLFR H[SHULPHQWV ZHUH XQGHUWDNHQ XVLQJ WKLV PRGHO  ,Q HDFK FDVH WKH
VLPXODWLRQ ZDV UXQ IRU D WKRXVDQG WLPHVWHSV ZLWK HDFK WLPHVWHS FRUUHVSRQGLQJ WR 
VHFRQGV RI ELRORJLFDO WLPH WR DFKLHYH D VWDEOH KRPHRVWDWLF FRQGLWLRQ EHIRUH D VLQJOH
UDQGRPO\ VHOHFWHG FHOO QHDU WKH FU\SW EDVH ZDV ³PXWDWHG´ DV GHVFULEHG LQ WKH SUHYLRXV
SDUDJUDSK  7KH VL]H DQG VSDWLDO ORFDWLRQV RI WKH SRSXODWLRQ RI PXWDWHG FHOOV ZDV WKHQ
WUDFNHGWKURXJKWKHUHVWRIWKHVLPXODWLRQ7RWDOVLPXODWLRQWLPHZDVHTXLYDOHQWWRa\HDURI
ELRORJLFDOWLPH(DFKVLPXODWLRQZDVUHSHDWHGWHQWLPHVWRDFFRXQWIRUVWRFKDVWLFLW\GXHWR
FHOOF\FOHWLPHVEHLQJVDPSOHGIURPDQRUPDOGLVWULEXWLRQWRUHIOHFWELRORJLFDOUHDOLW\

3DUDPHWHU YDOXHV IRU WKH H[SHULPHQWV ZHUH LGHQWLFDO WR WKRVH XVHG LQ RXU SUHYLRXV SDSHU
 ZKHUH D QXPEHU RI SDUDPHWHUV ZHUH WHVWHG LQFOXGLQJ PHDQ FHOO F\FOH WLPH DQG WKH
DWWDFKPHQWIRUFHSDUDPHWHU,QWKDWVWXG\WKHPHGLDQYDOXHVRIDKRXUPHDQFHOOF\FOH
WLPHDQGDXQLWOHVVDWWDFKPHQWIRUFHZHUHXVHG

+HUHZHGHVFULEHILYHYLUWXDOH[SHULPHQWVDVVHVVLQJWKHLPSDFWRIGLIIHUHQWDVSHFWVRI$SF
PXWDWLRQRQWKHFU\SW

([SHULPHQWVWXGLHVWKHEHKDYLRXURIDZLOGW\SHFORQDOSRSXODWLRQRULJLQDWLQJIURPDVLQJOH
FHOOZLWKQRPXWDWLRQHIIHFWVWRSURYLGHDEDVHOLQHIRUFRPSDULVRQ

([SHULPHQW  LQYHVWLJDWHV WKH HIIHFWV RI LQFUHDVHG DGKHVLRQ RI $SF PXWDWHG FHOOV WR WKH
EDVHPHQWPHPEUDQH7RGRWKLVWKHDGKHVLRQSDUDPHWHURIDVLQJOHFHOOZDVLQFUHDVHGWHQ
IROG DQG WKLV QHZ YDOXH ZDV LQKHULWHG E\ DQ\ GDXJKWHU FHOOV XSRQ GLYLVLRQ  7KH FORQDO
SRSXODWLRQDULVLQJIURPWKLVFHOOZDVWKHQWUDFNHGWKURXJKRXWWKHVLPXODWLRQ
([SHULPHQWH[DPLQHVWKHHIIHFWVRILQFUHDVHGFHOOGUDJIURPWKHEDVHPHQWPHPEUDQHRQ
$SFPXWDWHGFHOOV7KLVZDVDFKLHYHGE\KDOYLQJWKHYHORFLW\DULVLQJIURPWKHUHSXOVLYHIRUFH
EHWZHHQFHOOVDWHDFK WLPHVWHS IRUDQ\FHOO LQ WKHFORQDOSRSXODWLRQRI WKHRULJLQDOPXWDWHG
FHOODJDLQWKLVFORQDOSRSXODWLRQZDVWUDFNHGWKURXJKRXWWKHVLPXODWLRQ
([SHULPHQW  ORRNHG DW WKH HIIHFW RI UHGXFLQJ WKH TXLHVFHQW WLPH RI VWHP FHOOV LQ $SF
PXWDWLRQ  ,Q WKLVH[SHULPHQW WKH LQLWLDOPXWDQWFHOOKDG LWVTXLHVFHQW WLPHUHGXFHGWR
$JDLQWKHFORQDOSRSXODWLRQJHQHUDWHGE\WKLVFHOOZDVWUDFNHGWKURXJKRXWWKHVLPXODWLRQ
([SHULPHQW  FRPELQHG WKH WKUHH SUHYLRXVO\ VWXGLHG HIIHFWV E\ PRGLI\LQJ D VLQJOH FHOO WR
KDYHDOOWKUHHPXWDWLRQHIIHFWVDQGWUDFNLQJLWVFORQDORIIVSULQJWKURXJKRXWWKHVLPXODWLRQ
5HVXOWV

*HQHUDOSURSHUWLHVDQGEHKDYLRXUVRIDFORQDOSRSXODWLRQLQWKHPRGHOFU\SW
7KHILUVWH[SHULPHQWFUHDWHGD³QHXWUDO´PXWDWLRQZKLFKFRXOGEHWUDFNHGEXWGLGQRWFRQIHU
DQ\ FKDQJHV WR WKH SURSHUWLHV RI WKH PXWDWHG FHOOV  7KLV ZDV XVHG DV D EDVHOLQH WR
GHWHUPLQHWKHH[SHFWHGFHOOFRXQWVIRUDFORQDOSRSXODWLRQDULVLQJIURPDVLQJOHFHOO

$QH[DPSOHRIWKHFU\SWZLWKWKLVPXWDWLRQLVVKRZQLQ)LJXUH$L5HGFHOOVDUHZLOGW\SH
DQGEODFNFHOOVDUHPXWDWHG6PDOOJURXSVRIQHXWUDOO\PXWDWHGFHOOVHPHUJHIURPWKHVWHP
FHOOQLFKHDQGHQWHUWKHSUROLIHUDWLQJFRPSDUWPHQWZKHUHWKH\H[SDQGLQWRVPDOOVWUHDPVRI
FHOOVLQWKHH[SHFWHGULEERQSDWWHUQVHHQLQELRORJLFDOH[SHULPHQWV7KLVULEERQRFFXUV
DV FHOOV DUH EHLQJ SURGXFHG UDSLGO\ LQ DQ HQYLURQPHQW FRQWDLQLQJ D GLUHFWHG IORZ WKLV LV
VRPHZKDWDQDORJRXV WR LQMHFWLQJVPRNH LQWRDPRYLQJDLUIORZ 7KHFORQDOSRSXODWLRQGLHV
RXWRYHUWLPHGXHWRWKHSKHQRPHQRQRIPRQRFORQDOFRQYHUVLRQZKLFKKDVEHHQWKRURXJKO\
H[DPLQHGLQSUHYLRXVVWXGLHV

)LJXUH $LLVKRZV WKH QXPEHURI QHXWUDOO\PXWDWHGVWHPFHOOV LQ WKH FU\SWDQG LQ WKH IODW
PXFRVD ZLWK )LJ $LLL VKRZLQJ WKH SHUFHQWDJHV RI FU\SW DQG IODW PXFRVDO FHOOV ZKLFK DUH
QHXWUDOO\PXWDWHG)URPWKHVHGDWDLWFDQEHVHHQWKDWDVPDOOFORQDOSRSXODWLRQDULVHVLQ
WKH FU\SW DQG SHUVLVWV IRU D SHULRG RI WLPH EHIRUH G\LQJ RXW  ,W LV DOVR HYLGHQW WKDW WKH
SRSXODWLRQLQWKHIODWPXFRVDODJVWKDWRIWKHFU\SWSRSXODWLRQDVH[SHFWHGIURPWKHIDFWWKDW
FHOOVDULVH LQ WKHFU\SWDQGWKHQPLJUDWHWRWKHPXFRVD (UURUEDUVJLYHDEDVHOLQHIRU WKH
YDULDQFHGXHWRVLPXODWLRQVWRFKDVWLFLW\RIDFORQDOSRSXODWLRQRIZLOGW\SHFHOOV LQWKHFU\SW
DOORZLQJFRPSDULVRQVWREHGUDZQZLWKPXWDWHGFHOOVLQODWHUVLPXODWLRQV)LQDOO\WKHQHXWUDO
PXWDWLRQGLGQRWDSSURDFKFU\SWGRPLQDQFHLQDQ\RIWKHVLPXODWLRQV7DEOHVXJJHVWLQJ
WKDW WKLV FHOO ORFDWLRQ FDQQRW JLYH ULVH WR D GRPLQDQW SRSXODWLRQ ZLWKRXW VRPH FKDQJH
FRQIHUULQJDQDGYDQWDJHLQQLFKHVXFFHVVLRQ

,QGLYLGXDODQGFXPXODWLYHHIIHFWVRI$SFORVVSKHQRW\SH

7KH VHFRQG VLPXODWLRQ VHULHV FUHDWHG D PXWDWLRQ ZKLFK LQFUHDVHG WKH PXWDWHG FHOOV¶
DGKHVLRQ WR WKH EDVHPHQW PHPEUDQH RI WKH FU\SW  )LJ %L VKRZV D VQDSVKRW RI WKH
VLPXODWLRQZLWKWKLVPXWDWLRQ)URPWKLVLPDJHZKLFKLVW\SLFDORIWKHVHULHVLWFDQEHVHHQ
WKDWPXWDWHGFHOOVDUH WKHPDMRULW\RIFHOOV LQ WKH IODWPXFRVDDQGDOVR IRUPVPDOO FOXVWHUV
ZKLOVWLQWKHFU\SW

)LJ%LLVKRZVFRXQWVRIPXWDWHGFHOOVLQWKHFU\SWDQGLQWKHIODWPXFRVDRYHUWLPHDQG)LJ
%LLLVKRZVWKHSHUFHQWDJHRIFU\SWFHOOVZKLFKDUHPXWDWHGLQJUHHQDQGWKHSHUFHQWDJHRI
PXWDWHG PXFRVDO FHOOV LQ EOXH  %RWK ILJXUHV VKRZ WKDW WKH IODW PXFRVD VXSSRUWV D PXFK
ODUJHUSRSXODWLRQRIPXWDWHGFHOOV WKDQ LQ WKHFDVHRIQHXWUDOPXWDWLRQZKLFKVXJJHVWVWKDW
DQLQFUHDVHLQEDVHPHQWDWWDFKPHQWFRQIHUVDPDMRUDGYDQWDJHWRFHOOVLQWKHIODWPXFRVD

)LJV%LLDQGLLLDOVRVKRZWKDWWKHUHZDVDVPDOOLQFUHDVHLQWKHFRXQWVDQGSHUFHQWDJHVRI
PXWDWHG FHOOV LQ WKH FU\SW FRPSDUHG WR WKH QHXWUDO PXWDWLRQ DORQJ ZLWK DQ LQFUHDVHG
YDULDQFH7KHUDZGDWDVKRZVDVLQJOHVLPXODWLRQUXQZLWKDSSUR[LPDWHO\PXWDWHGFHOOV
DW WKHHQGDQGWKHPXWDWHG OLQHEHLQJH[WLQFW LQ WKHRWKHUQLQHUXQVDGGLWLRQDOO\ WKHPHDQ
WLPHWRPXWDQWSRSXODWLRQH[WLQFWLRQZDVORQJHULQWKHRWKHUQLQHUXQVWKDQLQWKHVLPXODWLRQV
ZLWKDQHXWUDOPXWDWLRQ7DEOH

$ VHW RI VLPXODWLRQV ZHUH UXQ ZKHUH PXWDWHG FHOOV ZHUH DVVLJQHG D UHGXFHG FHOOFHOO
UHSXOVLRQIRUFHWRVLPXODWHWKHDGGLWLRQDOGUDJFDXVHGE\LQFUHDVHGPHPEUDQHDGKHVLRQ$
YLVXDOLVDWLRQRIDW\SLFDOFU\SWIURPWKLVUXQFDQEHVHHQLQ)LJ&L7KLVYLVXDOLVDWLRQVKRZV
WKDWFHOOVZLWK WKLVPXWDWLRQ WHQG WR IRUPDVPDOOQXPEHURI ODUJHFOXVWHUV LQVWHDGRIPDQ\
VPDOOJURXSVDVZDVREVHUYHGLQWKHFDVHRIQRQPXWDWHGFHOOV

)LJXUH&LLVKRZVWKHFRXQWVRIPXWDWHGFHOOVLQWKHFU\SWDQGIODWPXFRVD)LJ&LLLVKRZV
WKLVGDWDDVSHUFHQWDJHVRIFHOOVPXWDWHG7KHVHGDWDVKRZWKDWFU\SWPXWDWHGFHOOFRXQWV
DUHODUJHUWKDQIRUWKHQHXWUDOPXWDWLRQHTXDWLQJWRDPDMRUVXUYLYDODGYDQWDJHLQWKHFU\SW
7KHJUDSKVDOVRVKRZDYHU\ODUJHVWDQGDUGGHYLDWLRQDFURVVWKHVHVLPXODWLRQV7KLVFDQEH
H[SODLQHGE\ WKH IDFW WKDW WKUHHRI WKH WHQFU\SWVLPXODWLRQVUHVXOWHG LQSUHGLFWLRQV WKDW WKH
FU\SWZRXOGEHPXWDWHGE\WKHHQGSRLQWZKHUHDVLQWKHRWKHUVHYHQUXQVWKHPXWDWHG
SRSXODWLRQ EHFDPH H[WLQFW 7DEOH   $GGLWLRQDOO\ WKH PXWDWHG FU\SWV KDG WZLFH WKH FHOO
FRXQWRIWKHZLOGW\SHFU\SWV

7KHLQFUHDVHVLQPXWDWHGFHOOFRXQWVSHUFHQWDJHVDQGYDULDQFHFDQDOVREHVHHQLQWKHIODW
PXFRVD  7KHVH SRSXODWLRQV WUDFN WKH FU\SW SRSXODWLRQ ZLWK D WLPH ODJ DV VHHQ IRU WKH
PXWDWHGSRSXODWLRQVLQWKHQHXWUDOPXWDWLRQH[SHULPHQWV

7KHIRXUWKH[SHULPHQWLQYHVWLJDWHGWKHHIIHFWRIUHGXFLQJWKHGXUDWLRQRIWKHTXLHVFHQWSHULRG
LQPXWDWHGVWHPFHOOVZKLFKLVDOVREHOLHYHGWREHDQHIIHFWRI$SFPXWDWLRQ>@)LJ'LLV
D VQDSVKRW WDNHQ IURPDFU\SWGXULQJ WKLVVLPXODWLRQ $VFDQEHVHHQD ODUJHFRQWLQXRXV
ULEERQ RI PXWDWHG FHOOV VWUHWFKHV IURP WKH QLFKH WR WKH FU\SW PRXWK D SKHQRPHQRQ DOVR
REVHUYHGLQYLYR

)LJV'LLDQG'LLLVKRZPXWDWHGVWHPFRXQWVDQGSURSRUWLRQRIFHOOVPXWDWHGIRUERWKFU\SW
DQG IODWPXFRVD 7KLVVKRZV WKDW LQDOO VLPXODWLRQV WKHFU\SWEHFDPHPXWDWHGDIWHU
DSSUR[LPDWHO\GD\V 7DEOH 7KHUHZDVD ODUJHUYDULDELOLW\ WKDQ WKHQHXWUDOPXWDWLRQ
GXULQJ WKHPXWDQWSRSXODWLRQH[SDQVLRQ SKDVH 7KHVHGDWDFOHDUO\ VKRZ WKDW TXLHVFHQFH
UHGXFWLRQFRQIHUVDPDMRUDGYDQWDJHLQWKHVWHPFHOOQLFKH

$ODUJHLQFUHDVHLQWKHSHUFHQWDJHRIPXWDWHGFHOOVZLWKLQWKHIODWPXFRVDLVDOVRDSSDUHQW
7KLV H[SDQVLRQ ZLWKLQ WKH IODW PXFRVD IROORZHG H[SDQVLRQ ZLWKLQ WKH FU\SW LQ D VLPLODU
PDQQHUWRWKHQHXWUDOPXWDWLRQ7KHPXWDWHGSRSXODWLRQGLGQRWRFFXS\PRUHWKDQRI
WKH IODW PXFRVD GHVSLWH WKH FU\SW VXSSO\LQJ D FRQVWDQW VWUHDP RI PXWDWHG FHOOV LQWR WKH
PXFRVD

7KH ILQDOVHWRI VLPXODWLRQVFRPELQHG WKH WKUHHHIIHFWVSUHYLRXVO\H[DPLQHG LQGLYLGXDOO\ WR
UHSUHVHQWWKHUDQJHRINQRZQHIIHFWVRI$SFORVV$YLVXDOLVDWLRQRIDW\SLFDOFU\SWZLWKWKLV
PXWDWLRQFDQEHVHHQLQ)LJXUH(L7KLVVKRZVDOOWKUHHHIIHFWVLQHYLGHQFHWKHQLFKHKDV
EHHQFRORQLVHGE\PXWDQWFHOOVZKLFKIRUPDYHU\GHQVHFOXVWHUDQGVHQGDGHQVHULEERQRI
PXWDWHGFHOOVXSWKHFU\SWZKLOHWKHIODWPXFRVDKDVDODUJHSRSXODWLRQRIPXWDWHGFHOOV,Q
DGGLWLRQWKHWKUHHHIIHFWVDUHFRPSOHPHQWDU\

7KHVHSKHQRPHQRORJLFDOREVHUYDWLRQVDUHERUQHRXWE\)LJ(LLDQG)LJ(LLLZKLFKVKRZ
FRXQWVDQGSHUFHQWDJHPXWDWHGUHVSHFWLYHO\IRUERWKWKHFU\SWDQGWKHIODWPXFRVD7KHVH
GDWD VKRZ WKDW WKH PXWDWLRQ FDXVHV GRPLQDQFH LQ WKH QLFKH ZKLFK OHDGV WR WKH FU\SW
EHFRPLQJHQWLUHO\SRSXODWHGZLWKPXWDWHGFHOOV7KLVWDNHRYHURIWKHFU\SWRFFXUVIDVWHUWKDQ
ZLWK MXVW WKH TXLHVFHQW PXWDWLRQ EHLQJ FRPSOHWHG LQ DSSUR[LPDWHO\  GD\V LQ WKLV FDVH
7DEOH  7KH FHOO FRXQW GDWD VKRZ WKDWPXWDWHG FU\SWV DUHPXFKGHQVHU WKDQ ZLOG W\SH
FU\SWV DVVRFLDWHG ZLWK WKH QHXWUDO PXWDWLRQ RU DULVLQJ IURP WKH VLPXODWLRQV ZKHUH WKH
PXWDWLRQDIIHFWVTXLHVFHQFHDORQH

7KHGDWDDOVRVKRZWKDWWKHIODWPXFRVDEHFRPHVSRSXODWHGE\DSSUR[LPDWHO\PXWDWHG
FHOOV ZKLFK LV D PXFK KLJKHU SHUFHQWDJH WKDQ IRU HLWKHU WKH DGKHVLRQ HIIHFW RU TXLHVFHQW
HIIHFW DORQH  7KH WLPH ODJ EHWZHHQ FU\SW DQG IODW PXFRVD LQILOWUDWLRQ ZDV DOVR UHGXFHG
FRPSDUHG WR SUHYLRXV VLPXODWLRQV ZLWK WKH H[FHSWLRQ RI WKH DGKHVLRQRQO\ PXWDWLRQ
9DULDELOLW\ZDVORZEXWFRQVLVWHQWLQWKHIODWPXFRVDDQGYHU\ORZLQWKHFU\SW




0XWDWLRQ
7\SH
&U\SWVZLWK
PXWDQW
FHOOVDIWHU
\HDU
0HDQWLPHWR
PXWDQW
SRSXODWLRQ
H[WLQFWLRQG
0XWDQW
GRPLQDQW
FU\SWVDIWHU
\HDU
0HDQWLPHWR
PXWDQW
GRPLQDWLRQG
1HXWUDO    1$
$GKHVLRQ    1$
4XLHVFHQFH  1$  
$SF  1$  
 7DEOH3RSXODWLRQH[WLQFWLRQVDFURVVVLPXODWLRQV
'LVFXVVLRQ
2XU UHVXOWV LQGLFDWH WKDW DOO WKUHH SKHQRW\SLF DOWHUDWLRQV DVVRFLDWHG ZLWK $SF ORVV DUH
VHOHFWLYHO\DGYDQWDJHRXV LQGLYLGXDOO\EXWZLWKGLVWLQFWHIIHFWV 7KHFRPELQHG$SFPXWDWLRQ
UHVXOWVLQDJUHDWHULQFUHDVHLQPXWDWHGFHOOQXPEHUVWKDQDQ\RIWKHLQGLYLGXDOPXWDWLRQV$
QXPEHURIWKHUHVXOWVDUHQRQLQWXLWLYHDQGZRUWKIXUWKHUH[DPLQDWLRQ

x 7KHDGKHVLRQFKDQJHFDXVHGPRUHPXWDWHGFHOOVLQWKHIODWPXFRVDWKDQLQWKHFU\SW
DQGDSSHDUHGWRJLYHDVPDOODGYDQWDJHLQWKHVWHPFHOOQLFKH
x 7KHGUDJLQFUHDVHFUHDWHGYHU\ODUJHVWDQGDUGGHYLDWLRQDFURVVWKHUHSHDWVDQGODUJH
LQFUHDVHVLQFU\SWFHOOXODULW\
x %RWK TXLHVFHQW WLPH UHGXFWLRQ DQG FRPELQHG $SF PXWDWLRQ UHVXOWHG LQ YHU\ ODUJH
LQFUHDVHVLQPXWDWHGFHOOFRXQWVZLWKYHU\ORZVWDQGDUGGHYLDWLRQV
x $SFPXWDWLRQVKRZHGWKHVHSDUDWHHYHQWVFRPSOHPHQWLQJHDFKRWKHU

7KHDGKHVLRQFKDQJHFDXVHGPRUHPXWDWHGFHOOV LQ WKH IODWPXFRVD WKDQ LQ WKHFU\SWDQG
DSSHDUHGWRJLYHDVPDOODGYDQWDJHLQWKHQLFKH±)LJ%
7KHUHDSSHDUHGWREHDVPDOODGYDQWDJHLQWKHQLFKHIRUFHOOVZLWKWKLVSKHQRW\SHDVLQRQH
RIWKHWHQVLPXODWLRQVPXWDWHGFHOOVZHUHVWLOODOLYHDWWKHHQGRIWKHVLPXODWLRQFRPSDUHGWR
]HURLQWHQIRUWKHQHXWUDOPXWDWLRQ$GGLWLRQDOO\LQWKHQLQHVLPXODWLRQVZKHUHWKHPXWDWHG
SRSXODWLRQ EHFDPH H[WLQFW VXUYLYDO ZDV H[WHQGHG FRPSDUHG WR WKH FDVH IRU WKH QHXWUDO
PXWDWLRQVLPXODWLRQV7KHFDXVHRIWKLVDGYDQWDJHLVFXUUHQWO\XQFOHDUDVQLFKHSURFHVVHV
DUHQRWDIIHFWHGE\DGKHVLRQFKDQJHV$SODXVLEOHK\SRWKHVLVLVWKDWPXWDWHGFHOOVLQWKHIODW
PXFRVDFDXVHDGGLWLRQDOGRZQZDUGSUHVVXUHRQWKHVLGHRIWKHFU\SWZLWKWKHPXWDWHGVWHP
FHOOV ZKLFK ZRXOG DFW WR SUHYHQW PLJUDWLRQ RXW RI WKH QLFKH D VLPLODU PHFKDQLVP WR WKDW
IRXQGE\0LUDPVHWDO

$GKHVLRQ IDYRXUV PXWDWHG FHOOV LQ WKH IODW PXFRVD GXH WR WKH UROH RI DQRLNLV ZKLFK LV
FRQILQHGWRWKHIODWPXFRVDLQWKHPRGHOLQDQHPHUJHQWEHKDYLRXUZKLFKKDVEHHQH[SORUHG
SUHYLRXVO\   $ FHOO GLHV ZKHQHYHU LW ORVHVFRQWDFW ZLWK WKH EDVHPHQW PHPEUDQH  $V
VXFK FHOOV ZKLFK DUH PRUH WLJKWO\ ERXQG WR WKHEDVHPHQWPHPEUDQH ZLOO EH OHVV OLNHO\ WR
XQGHUJRDQRLNLV

$GGLWLRQDOO\ WKHIODWPXFRVDZLOOFRQVLVWRIDPL[RIVWURQJO\ERXQGPXWDWHGFHOOVDQGPRUH
ZHDNO\ERXQGZLOGW\SHFHOOV,QWKLVVLWXDWLRQWKHPXWDWHGFHOOVZLOOWHQGWRSXVKWKHZLOGW\SH
FHOOVRII WKHEDVHPHQWPHPEUDQHDQGWKXVFDQVXUYLYH IRUPXFK ORQJHU LQ WKHIODWPXFRVD
WKDQQRUPDOFHOOV

:KLOVW DQRLNLV KDV UHFHQWO\ EHHQ VKRZQ WR EH DQ DFWLYH SURFHVV ZLWK FHOOV VLJQDOOLQJ
QHLJKERXULQJFHOOVWRSXVKWKHPRXWORVVRIFRQWDFWZLWKWKHEDVHPHQWPHPEUDQHLVVWLOO
UHTXLUHGDQG WKXV LQFUHDVHGDGKHVLRQZRXOGVORZ WKLVSURFHVV LQ WKHPDQQHUFDSWXUHGE\
WKHUXOHVRIWKHPRGHOXVHGLQWKLVVWXG\

7KLVDGYDQWDJHRI PXWDWHG FHOOV LQ WKH IODWPXFRVDPD\DFW DVDSUHYLRXVO\XQGLVFRYHUHG
SURFHVVIRUPXWDWLRQVEHFRPLQJIL[HGZLWKRXWGLUHFWO\GRPLQDWLQJYLDPRQRFORQDOFRQYHUVLRQ
7KLVLVDSSDUHQWIURPWKHIDFWWKDWWKHPXWDWHGFHOOVZHUHVZHSWRXWRIWKHFU\SWLQQLQHRXWRI
WKH WHQ UHSHDWVLPXODWLRQV DQG \HW VXUYLYHG LQ ODUJHQXPEHUV LQ WKH IODWPXFRVD LQDOO WHQ
VLPXODWLRQVRIWHQORQJDIWHUG\LQJRXWIURPWKHFU\SWLWVHOI7KLVPD\DOORZPXWDWHGFHOOVWR
VSUHDGWKURXJKWKHIODWPXFRVDDQGDIIHFWQHLJKERXULQJFU\SWV

7KH GUDJ LQFUHDVH UHVXOWHG LQ ODUJH LQFUHDVHV LQ FU\SW FHOOXODULW\ EXW ZLWK ODUJH YDULDWLRQV
DFURVVUHSHDWVLPXODWLRQV)LJ&
7KHYHU\ODUJHVWDQGDUGGHYLDWLRQDVVRFLDWHGZLWKWKHGUDJIRUFHHIIHFWKDVWZRNH\FDXVHV
7KHILUVWLVWKDWFHOOSRSXODWLRQVZLWKWKLVPXWDWLRQKDYHDQDGYDQWDJHLQWHUPVRIPRQRFORQDO
FRQYHUVLRQ  7KLV LV GHPRQVWUDWHG LQ WKDW WKUHH RXW RI WHQ VLPXODWLRQV KDYH D PXWDWHG
SRSXODWLRQ WKDW QHYHU GLHV RXW DV RSSRVHG WR ]HUR RXW RI WHQ LQ WKH EDVHOLQH FDVH  7KLV
DGYDQWDJHLVOLNHO\FDXVHGE\DFRPELQDWLRQRIFHOOVZLWKWKLVPXWDWLRQHIIHFWWHQGLQJWRIRUP
JURXSVGXHWRWKHLQFUHDVHGGUDJFRPSDUHGWRZLOGW\SHFHOOVLQFUHDVHGFRPSUHVVLRQGXHWR
GUDJ IRUFHV DOORZLQJ KLJKHU FHOO GHQVLWLHV WKDQ ZLOGW\SH FHOOV DQG LQFUHDVHG GUDJ IRUFHV
PDNLQJLWKDUGHUIRUPXWDWHGFHOOVWREHVZHSWRXWRIWKHFU\SWWKDQZLOGW\SHFHOOV

7KH VHFRQG FDXVH RI WKH ODUJH VWDQGDUG GHYLDWLRQ RI WKLV PXWDWLRQ HIIHFW LV WKDW WKH H[WUD
FRPSUHVVLRQOHDGVWRWKHPXWDQWGRPLQDQWFU\SWVKDYLQJPRUHFHOOVWKDQZLOGW\SHGRPLQDQW
FU\SWV ZKLFK IXUWKHU DPSOLILHV WKH GLIIHUHQFH EHWZHHQ VLPXODWLRQV ZKHUH PXWDWHG FHOOV
GRPLQDWHDQGVLPXODWLRQVZKHUHWKHPXWDWHGSRSXODWLRQLVVZHSWRXW

%RWK WKH FKDQJH LQ TXLHVFHQW WLPH DQG WKH FRPELQHG $SF PXWDWLRQ KDG YHU\ FRQVLVWHQW
HIIHFWV)LJ'
7KHVPDOOVWDQGDUGGHYLDWLRQLQWKHFDVHVRIERWKTXLHVFHQWWLPHUHGXFWLRQDQG$SFPXWDWLRQ
LVGXHWRWKHDGYDQWDJHWKDWDVKRUWHUTXLHVFHQWSKDVHJLYHVLQWKHPRQRFORQDOFRQYHUVLRQ
ILJKW LQERWK WKHVHFDVHV  ,QERWKH[SHULPHQWV WKHPXWDWHGSRSXODWLRQVTXLFNO\GRPLQDWHG
WKHFU\SWLQDOOWHQVLPXODWLRQV7KLVFDXVHVYHU\OLWWOHYDULDELOLW\DFURVVWKHUHSHDWV

7KHPRVWVWULNLQJHIIHFWRITXLHVFHQW WLPH UHGXFWLRQZDV WKHDGYDQWDJH LW FRQIHUUHG WR WKH
PXWDWHGFHOOVLQWKHQLFKH$QHXWUDOPXWDWLRQDWWKLVORFDWLRQZDVDOZD\VVZHSWRXWZKHUHDV
DPXWDWLRQUHVXOWLQJ LQDUHGXFHGTXLHVFHQWSKDVHQHYHUZDV 7KLVHIIHFWFDXVHVPXWDWHG
VWHPFHOOVWRGLYLGHIDVWHQRXJKWRUHSODFHDQ\FHOOVZKLFKDUHVZHSWRXWRIWKHQLFKHZKLOH
ZLOGW\SHFHOOVDUHQRWDOZD\VDEOHWRUHSODFHVZHSWRXWFHOOV7KLVSURFHVVLQHYLWDEO\OHDGVWR
QLFKHVXFFHVVLRQE\WKHPXWDWHGVWHPFHOOV

$SFPXWDWLRQVKRZHGWKHVHSDUDWHHIIHFWVFRPSOHPHQWLQJHDFKRWKHU)LJ(
7KHFRPELQHG$SFVLPXODWLRQVKRZHGWKDWWKHVHSDUDWHHIIHFWVUHLQIRUFHGHDFKRWKHU2QH
RXWFRPHRI WKHVHFRPSOHPHQWDU\HIIHFWV LV WKH ODUJH LQFUHDVH LQFHOOXODULW\VHHQZLWKLQ WKH
FU\SW7KLVLVGXHWRWKHGUDJHIIHFWDOORZLQJPRUHFHOOVWRILWLQDVLQJOHFU\SWFRPELQHGZLWK
WKHPXWDQW GRPLQDWHG QLFKH SURYLGLQJ D FRQVWDQW VXSSO\ RIPXWDWHG FHOOV DW D KLJKHU UDWH
WKDQWKHZLOGW\SH

$QRWKHU RXWFRPH LV WKDW WKH IODW PXFRVD ZDV XOWLPDWHO\  PXWDWHG  7KLV LV GXH WR D
FRPELQDWLRQRI WKHDGGLWLRQDODGKHVLRQFRQIHUULQJDQDGYDQWDJHWRWKHPXWDWHGFHOOV LQWKH
IODWPXFRVDDQGWKHQLFKHVXFFHVVLRQSURYLGLQJDUHDG\VXSSO\RI IUHVKPXWDWHGFHOOVIURP
WKH FU\SW EHORZ  7KLV FRPELQDWLRQ RI HIIHFWV DOVR DFFRXQWV IRU WKH UHGXFHG ODJ EHWZHHQ
PXWDWHG SRSXODWLRQV LQ WKH FU\SW DQG WKRVH LQ WKH IODW PXFRVD  7KH DGKHVLRQ DGYDQWDJH
FDXVHV WKHHIIHFWVRIPXWDWHGFHOOV ULVLQJXS IURP WKHFU\SWEHORZ WKHPXFRVD WRPDQLIHVW
PXFKPRUHTXLFNO\

7KLVZRUNFRXOGEHH[WHQGHGLQWZRPDLQGLUHFWLRQV)LUVWO\LWZRXOGEHSRVVLEOHWRPRGHO
RWKHUPXWDWLRQVDQGSHUIRUPDVLPLODUDQDO\VLVIRUWKHP7KLVFRXOGWDNHWKHIRUPRIHLWKHU
WZRFHOOVZLWKGLIIHUHQWPXWDWLRQVDULVLQJVSRQWDQHRXVO\LQWKHFU\SWRURIDVLQJOHFHOO
XQGHUJRLQJWZRVXFFHVVLYHPXWDWLRQV7KHVHFRQGGLUHFWLRQIRUIXWXUHZRUNZLOOEHWRPRGHO
DSDWFKRIPXOWLSOHFU\SWVFRQQHFWHGE\IODWPXFRVD7KLVZLOODOORZSUHGLFWLRQVWREHPDGH
DERXWWKHHIIHFWRIDPXWDWHGFU\SWRQDZLOGW\SHQHLJKERXUFU\SWDQGLVZRUNWKDWZHDUH
FXUUHQWO\XQGHUWDNLQJ
 
&RQFOXVLRQV
,QFRQFOXVLRQDPRGHORIWKHFRORQLFFU\SWLQFOXGLQJQRYHOIHDWXUHVRIDQRLNLVDQGDFFXUDWH
JHRPHWU\ZDVXVHGWRLQYHVWLJDWHWKHHIIHFWRI$SFORVVRQFHOOVZLWKLQWKHFU\SW$QXPEHU
RIQRQLQWXLWLYHUHVXOWVDURVHIURPWKHVLPXODWLRQVFDUULHGRXWZLWKRXUH[WHQGHGFU\SWPRGHO

x 7KHLQFUHDVHLQFHOOPHPEUDQHDGKHVLRQVHHQLQ$SFPXWDWLRQDOORZVPXWDWHGFHOOV
WR OLYH LQGHILQLWHO\ LQ WKH IODWPXFRVD DQGPD\EH DSUHYLRXVO\XQNQRZQPHWKRGRI
PXWDWLRQIL[DWLRQ
x ,QFUHDVHV LQ FHOO GUDJ IRUFHV GXH WR VWURQJ FRQWDFW ZLWK WKH EDVHPHQW PHPEUDQH
FRQIHUVDQDGYDQWDJHLQWKHPRQRFORQDOPHWKRGRIPXWDWLRQIL[DWLRQDQGDOVRUHVXOWV
LQJURXSLQJRIPXWDWHGFHOOV
x 5HGXFWLRQLQWKHTXLHVFHQWWLPHRIPXWDWHGVWHPFHOOVFRQIHUVDODUJHDGYDQWDJHRQ
WKHPXWDWHGFHOOVLQWKHPRQRFORQDOPHWKRGRIPXWDWLRQIL[DWLRQ

7KHVHQRYHOSUHGLFWLRQVPD\SURYHLQWHUHVWLQJFDQGLGDWHVIRUIXWXUHELRORJLFDODQG
FRPSXWDWLRQDOLQYHVWLJDWLRQ
 
5HIHUHQFHV
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 ? ƌĂǀŽZ ?ǆĞůƌŽĚ ?ĐĂůŝďƌĂƚĞĚĂŐĞŶƚ ?ďĂƐĞĚĐŽŵƉƵƚĞƌŵŽĚĞůŽĨƐƚŽĐŚĂƐƚŝĐĐĞůůĚǇŶĂŵŝĐƐŝŶ
ŶŽƌŵĂů ŚƵŵĂŶ ĐŽůŽŶ ĐƌǇƉƚƐ ƵƐĞĨƵů ĨŽƌ ŝŶ ƐŝůŝĐŽ ĞǆƉĞƌŝŵĞŶƚƐ ? dŚĞŽƌĞƚŝĐĂů ŝŽůŽŐǇ ĂŶĚ DĞĚŝĐĂů
DŽĚĞůůŝŶŐ ? ? ? ? ? ? ? ? P ? ? ?
 ? ŚĞŶŐ, ?>ĞďůŽŶĚW ?KƌŝŐŝŶ ?ŝĨĨĞƌĞŶƚŝĂƚŝŽŶĂŶĚZĞŶĞǁĂůŽĨ   DĂŝŶƉŝƚŚĞůŝĂů ?ĞůůdǇƉĞƐŝŶ
DŽƵƐĞ^ŵĂůů/ŶƚĞƐƚŝŶĞ ?ŵĞƌŝĐĂŶ:ŽƵƌŶĂůŽĨŶĂƚŽŵǇ ? ? ? ? ? ? ?
 ? WŽƚƚĞŶ ^ ? ^ƚĞŵ ĐĞůůƐ ŝŶ ŐĂƐƚƌŽŝŶƚĞƐƚŝŶĂů ĞƉŝƚŚĞůŝƵŵ P ŶƵŵďĞƌƐ ? ĐŚĂƌĂĐƚĞƌŝƐƚŝĐƐ ĂŶĚ ĚĞĂƚŚ ?
WŚŝůŽƐŽƉŚŝĐĂůdƌĂŶƐĂĐƚŝŽŶƐŽĨƚŚĞZŽǇĂů^ŽĐŝĞƚǇ ?ŝŽůŽŐŝĐĂů^ĐŝĞŶĐĞƐ ? ? ? ? ? ? ? ? ? ? P ? ? ?
 ? &ƌŝƐĐŚ ^D ? &ƌĂŶĐŝƐ , ? ŝƐƌƵƉƚŝŽŶ ŽĨ ƉŝƚŚĞůŝĂů Ğůů ?DĂƚƌŝǆ /ŶƚĞƌĂĐƚŝŽŶƐ ŝŶĚƵĐĞƐ ƉŽƉƚŽƐŝƐ ?
:ŽƵƌŶĂůŽĨĞůůŝŽůŽŐǇ ? ? ? ? ? ? ? ? ? ? ? P ? ? ? ? ?
 ? ,ĂƵƐŵĂŶŶD ?>ĞƵĐŚƚ< ?WůŽŶĞƌ ?<ŝĞƐƐůŝŶŐ^ ?sŝůůƵŶŐĞƌ ?ĞĐŬĞƌ, ?ĞƚĂů ?> ?  DŽĚŝĨǇŝŶŐ
&ĂĐƚŽƌ  ?D& ? /Ɛ Ă ĞŶƚƌĂů ZĞŐƵůĂƚŽƌ ŽĨ ŶŽŝŬŝƐ ŝŶ ,ƵŵĂŶ/ŶƚĞƐƚŝŶĂů ƉŝƚŚĞůŝĂů ĞůůƐ ? :ŽƵƌŶĂů ŽĨ
ŝŽůŽŐŝĐĂůŚĞŵŝƐƚƌǇ ? ? ? ? ? ? ? ? ? ? ? P ? ? ? ? ? ?
 ? WŽƚƚĞŶ^ ?<ĞůůĞƚƚD ?ZŽďĞƌƚƐ^ ?ZĞǁ ?tŝůƐŽŶ' ?DĞĂƐƵƌĞŵĞŶƚŽĨ/ŶǀŝǀŽWƌŽůŝĨĞƌĂƚŝŽŶŝŶ
,ƵŵĂŶŽůŽƌĞĐƚĂůDƵĐŽƐĂƵƐŝŶŐƌŽŵŽĚĞŽǆǇƵƌŝĚŝŶĞ ?'Ƶƚ ? ? ? ? ? ? P ? ?
 ? ^ĂŶƐŽŵK: ?ZĞĞĚ<Z ?,ĂǇĞƐ: ?/ƌĞůĂŶĚ, ?ƌŝŶŬŵĂŶŶ, ?EĞǁƚŽŶ/W ?ĞƚĂů ?>ŽƐƐŽĨƉĐŝŶǀŝǀŽ
ŝŵŵĞĚŝĂƚĞůǇ ƉĞƌƚƵƌďƐ tŶƚ ƐŝŐŶĂůŝŶŐ ? ĚŝĨĨĞƌĞŶƚŝĂƚŝŽŶ ? ĂŶĚ ŵŝŐƌĂƚŝŽŶ ? 'ĞŶĞƐ  ? ĞǀĞůŽƉŵĞŶƚ ?
 ? ? ? ? ? ? ? ? P ? ? ? ? ? ? ? ?
 ? zĂŵĂĚĂ ^ ? WŽŬƵƚƚĂ ^ ? ƌĞĞƐ & ? tĞŝƐ t/ ? EĞůƐŽŶ t: ? ĞĐŽŶƐƚƌƵĐƚŝŶŐ ƚŚĞ ĐĂĚŚĞƌŝŶ 爁?ĂƚĞŶŝŶ ?
ĂĐƚŝŶĐŽŵƉůĞǆ ?Ğůů ? ? ? ? ? ? ? ? ? ? ? P ? ? ? ? ?
 ? dŽŵůŝŶƐŽŶ /WD ? ŽĚŵĞƌ t& ? &ĂŝůƵƌĞ ŽĨ WƌŽŐƌĂŵŵĞĚ Ğůů ?ĞĂƚŚ ĂŶĚ ŝĨĨĞƌĞŶƚŝĂƚŝŽŶ ĂƐ
ĂƵƐĞƐ ŽĨ dƵŵŽƌƐ  ? ^ŽŵĞ ^ŝŵƉůĞ DĂƚŚĞŵĂƚŝĐĂů ?DŽĚĞůƐ ? WƌŽĐĞĞĚŝŶŐƐ ŽĨ ƚŚĞ EĂƚŝŽŶĂů ĐĂĚĞŵǇ ŽĨ
^ĐŝĞŶĐĞƐŽĨƚŚĞhŶŝƚĞĚ^ƚĂƚĞƐŽĨŵĞƌŝĐĂ ? ? ? ? ? ? ? P ? ? ? ?
 ? ^ŵĂůůďŽŶĞ< ? ŽƌĨĞ D ? ŵĂƚŚĞŵĂƚŝĐĂůŵŽĚĞů ŽĨ ƚŚĞĐŽůŽŶĐƌǇƉƚĐĂƉƚƵƌŝŶŐĐŽŵƉŽƐŝƚŝŽŶĂů
ĚǇŶĂŵŝĐ ŝŶƚĞƌĂĐƚŝŽŶƐ ďĞƚǁĞĞŶ ĐĞůů ƚǇƉĞƐ ? /ŶƚĞƌŶĂƚŝŽŶĂů:ŽƵƌŶĂů ŽĨ ǆƉĞƌŝŵĞŶƚĂů WĂƚŚŽůŽŐǇ ?
 ? ? ? ? ? ? ? P ? ? ? ?
 ? DƵƌƌĂǇ W: ? <ĂŶŐ : ?t ? DŝƌĂŵƐ 'Z ? ^ŚŝŶ ^ ?z ? ǇƌŶĞ ,D ?DĂŝŶŝW< ?Ğƚ Ăů ? DŽĚĞůůŝŶŐ ^ƉĂƚŝĂůůǇ
ZĞŐƵůĂƚĞĚ ďĞƚĂ ?ĂƚĞŶŝŶ ǇŶĂŵŝĐƐ ĂŶĚ /ŶǀĂƐŝŽŶ ŝŶ /ŶƚĞƐƚŝŶĂů ƌǇƉƚƐ ? ŝŽƉŚǇƐŝĐĂů :ŽƵƌŶĂů ?
 ? ? ? ? ? ? ? P ? ? ? ? ? ? ?
 ? tŽŶŐ^z ?ŚŝĂŵ<, ?>ŝŵd ?DĂƚƐƵĚĂŝƌĂW ?ŽŵƉƵƚĂƚŝŽŶĂůŵŽĚĞůŽĨĐĞůůƉŽƐŝƚŝŽŶŝŶŐ PĚŝƌĞĐƚĞĚ
ĂŶĚ ĐŽůůĞĐƚŝǀĞ ŵŝŐƌĂƚŝŽŶ ŝŶ ƚŚĞ ŝŶƚĞƐƚŝŶĂů ĐƌǇƉƚ ĞƉŝƚŚĞůŝƵŵ ? :ŽƵƌŶĂů ŽĨ ƚŚĞ ZŽǇĂů ^ŽĐŝĞƚǇ /ŶƚĞƌĨĂĐĞ ?
 ? ? ? P^ ? ? ? ?^ ? ? ?
 ? DĞŝŶĞŬĞ & ? WŽƚƚĞŶ ^ ? >ŽĞĨĨůĞƌ D ? Ğůů ŵŝŐƌĂƚŝŽŶĂŶĚ ŽƌŐĂŶŝǌĂƚŝŽŶ ŝŶ ƚŚĞ ŝŶƚĞƐƚŝŶĂů ĐƌǇƉƚ
ƵƐŝŶŐĂůĂƚƚŝĐĞ ?ĨƌĞĞŵŽĚĞů ?ĞůůWƌŽůŝĨĞƌĂƚŝŽŶ ? ? ? ? ? ? ? P  ? ? ?
 ? tĂůŬĞƌ ?^ŽƵƚŚŐĂƚĞ: ?dŚĞǀŝƌƚƵĂůĐĞůů ?ĂĐĂŶĚŝĚĂƚĞĐŽ ?ŽƌĚŝŶĂƚŽƌĨŽƌ ?ŵŝĚĚůĞ ?ŽƵƚ ?ŵŽĚĞůůŝŶŐ
ŽĨďŝŽůŽŐŝĐĂůƐǇƐƚĞŵƐ ?ƌŝĞĨŝŶŐƐŝŶŝŽŝŶĨŽƌŵĂƚŝĐƐ ?? ? ? ? ? ? P ? ? ? ? ?
 ? DŝƌĂŵƐ 'Z ? &ůĞƚĐŚĞƌ ' ? DĂŝŶŝ W< ? ǇƌŶĞ ,D ?  ƚŚĞŽƌĞƚŝĐĂů ŝŶǀĞƐƚŝŐĂƚŝŽŶ ŽĨ ƚŚĞ ĞĨĨĞĐƚ ŽĨ
ƉƌŽůŝĨĞƌĂƚŝŽŶ ĂŶĚ ĂĚŚĞƐŝŽŶ ŽŶ ŵŽŶŽĐůŽŶĂů ĐŽŶǀĞƌƐŝŽŶ ŝŶ ƚŚĞ ĐŽůŽŶŝĐ ĐƌǇƉƚ ? :ŽƵƌŶĂů ŽĨ dŚĞŽƌĞƚŝĐĂů
ŝŽůŽŐǇ ? ? ? ? ? ? ? ? ? P ? ? ? ? ? ? ?
 ? ƵŶŶ^: ?ƉƉůĞƚŽŶW> ?EĞůƐŽŶ^ ?EĂƚŚŬĞ/^ ?'ĂǀĂŐŚĂŶ: ?KƐďŽƌŶĞ:D ?dǁŽ ?ŝŵĞŶƐŝŽŶĂů
DŽĚĞů ŽĨ ƚŚĞ ŽůŽŶŝĐ ƌǇƉƚ ĐĐŽƵŶƚŝŶŐ ĨŽƌ ƚŚĞ ZŽůĞ ŽĨ ƚŚĞ ĂƐĞŵĞŶƚ DĞŵďƌĂŶĞ ĂŶĚ WĞƌŝĐƌǇƉƚĂů
&ŝďƌŽďůĂƐƚ^ŚĞĂƚŚ ?WůŽƐŽŵƉƵƚĂƚŝŽŶĂůŝŽůŽŐǇ ? ? ? ? ? ? P ? ? ?
 ? /ŶŐŚĂŵ ?ĞŵƉƐƚĞƌ d ? tĂůŬĞƌ  ? ŽƌĨĞ D ? Ŷ ĂŐĞŶƚ ?ďĂƐĞĚ ŵŽĚĞů ŽĨ ĂŶŽŝŬŝƐ ŝŶ ƚŚĞ ĐŽůŽŶ
ĐƌǇƉƚĚŝƐƉůĂǇƐŶŽǀĞůĞŵĞƌŐĞŶƚďĞŚĂǀŝŽƵƌĐŽŶƐŝƐƚĞŶƚǁŝƚŚďŝŽůŽŐŝĐĂůŽďƐĞƌǀĂƚŝŽŶƐ ?ZŽǇĂů^ŽĐŝĞƚǇKƉĞŶ
^ĐŝĞŶĐĞ PdŚĞZŽǇĂů^ŽĐŝĞƚǇWƵďůŝƐŚŝŶŐ ? ? ?
 ? ŝƐĞŶŚŽĨĨĞƌ 'd ? >ŽĨƚƵƐ W ? zŽƐŚŝŐŝ D ? KƚƐƵŶĂ , ? ŚŝĞŶ  ? ? DŽƌĐŽƐ W ? Ğƚ Ăů ? ƌŽǁĚŝŶŐ
ŝŶĚƵĐĞƐ ůŝǀĞ ĐĞůů ĞǆƚƌƵƐŝŽŶ ƚŽ ŵĂŝŶƚĂŝŶ ŚŽŵĞŽƐƚĂƚŝĐ ĐĞůů ŶƵŵďĞƌƐ ŝŶ ĞƉŝƚŚĞůŝĂ ? EĂƚƵƌĞ ?
 ? ? ? ? ? ? ? ? ? ? ? P ? ? ? ?h ? ? ? ?
 ? ǀĂŶ ĚĞƌ tĂƚŚ Z ? 'ĂƌĚŝŶĞƌ ^ ? ƵƌŐĞƐƐ t ? ^ŵŝƚŚ t ?Ğůů KƌŐĂŶŝƐĂƚŝŽŶ ŝŶ ƚŚĞ ŽůŽŶŝĐ
ƌǇƉƚ PdŚĞŽƌĞƚŝĐĂůŽŵƉĂƌŝƐŽŶŽĨƚŚĞWĞĚŝŐƌĞĞĂŶĚEŝĐŚĞŽŶĐĞƉƚƐ ?WůŽƐKŶĞ ? ? ? ? ? ? ? ?
 ? ƵŶŶ^ ?: ?EĂĞƚŚŬĞ /^ ?KƐďŽƌŶĞ:D ?ŽŵƉƵƚĂƚŝŽŶĂůDŽĚĞůƐZĞǀĞĂůĂWĂƐƐŝǀĞDĞĐŚĂŶŝƐŵĨŽƌ
ĞůůDŝŐƌĂƚŝŽŶŝŶƚŚĞƌǇƉƚ ?WůŽƐKŶĞ ? ? ? ? ? ?
 ? &ůĞƚĐŚĞƌ' ?ƌĞǁĂƌĚ:t ?ŚĂƉŵĂŶ^: ?DĂƚŚĞŵĂƚŝĐĂůŵŽĚĞůŝŶŐŽĨŵŽŶŽĐůŽŶĂůĐŽŶǀĞƌƐŝŽŶ
ŝŶƚŚĞĐŽůŽŶŝĐĐƌǇƉƚ ?:ŽƵƌŶĂůŽĨdŚĞŽƌĞƚŝĐĂůŝŽůŽŐǇ ? ? ? ? ? ? ? ? P ? ? ? ?
 ? WŝŶ ?tĂƚƐŽŶ:D ?ĂƌĚŝŶŐ^Z ?DŽĚĞůůŝŶŐƚŚĞ^ƉĂƚŝŽ ?dĞŵƉŽƌĂůĞůůǇŶĂŵŝĐƐZĞǀĞĂůƐEŽǀĞů
/ŶƐŝŐŚƚƐŽŶĞůůŝĨĨĞƌĞŶƚŝĂƚŝŽŶĂŶĚWƌŽůŝĨĞƌĂƚŝŽŶŝŶƚŚĞ^ŵĂůů/ŶƚĞƐƚŝŶĂůƌǇƉƚ ?WůŽƐKŶĞ ? ? ? ? ? ? ? ?
 ? &ĞůůŽƵƐ d' ? DĐŽŶĂůĚ ^ ? ƵƌŬĞƌƚ : ? ,ƵŵƉŚƌŝĞƐ  ?/ƐůĂŵ ^ ? Ğ ?ůǁŝƐ EDt ? Ğƚ Ăů ? 
DĞƚŚŽĚŽůŽŐŝĐĂů ƉƉƌŽĂĐŚ ƚŽ dƌĂĐŝŶŐ Ğůů >ŝŶĞĂŐĞ ŝŶ ,ƵŵĂŶ ƉŝƚŚĞůŝĂů dŝƐƐƵĞƐ ? ^ƚĞŵ ĞůůƐ ?
 ? ? ? ? ? ? ? P ? ? ? ? ? ? ? ?

$FNQRZOHGJHPHQWV
:HZRXOGOLNHWRWKDQNWKH8QLYHUVLW\RI6KHIILHOGIDFXOWLHVRI(QJLQHHULQJDQG0HGLFLQHIRU
IXQGLQJWKLVSURMHFW
)LJXUH&DSWLRQV
)LJXUH7KHFU\SW$7KHFU\SWLVDVWUXFWXUHGFHOOIDFWRU\ZLWKVORZF\FOLQJVWHPFHOOVDW
WKHERWWRPUDSLGO\F\FOLQJSUROLIHUDWLYHFHOOVLQWKHPLGGOHDQGGLIIHUHQWLDWHGIXQFWLRQDO
FRORQF\WHVDWWKHWRS&HOOVPLJUDWHIURPERWWRPWRWRS%0RQRFORQDOFRQYHUVLRQLVD
SURFHVVZKHUHE\FORQDOH[SDQVLRQRIDVLQJOHVWHPFHOOHYHQWXDOO\OHDGVWRDOOFHOOVEHLQJ
FORQDOGHVFHQGDQWVRIWKDWRULJLQDOFHOODQGKHQFHFDUU\LQJDQ\PXWDWLRQZKLFKH[LVWHGLQWKH
RULJLQDOVWHPFHOO&'LDJUDPRIWZRFHOOVLQWHUDFWLQJZLWKHDFKRWKHUDQGWKHEDVHPHQW
PHPEUDQH
)LJXUH5HVXOWV$5HVXOWVRIWUDFNLQJDFORQDOSRSXODWLRQZLWKQRPHFKDQLFFKDQJHV%
5HVXOWVRILQFUHDVHGFHOOH[WUDFHOOXODUPDWUL[DGKHVLRQ&5HVXOWVRILQFUHDVHGGUDJGXHWR
LQFUHDVHGPHPEUDQHDGKHVLRQ'5HVXOWVRIUHGXFLQJVWHPFHOOTXLHVFHQWWLPH(5HVXOWVRI
RYHUDOO$SF0XWDWLRQ,QDOOILJXUHVL9LVXDOLVWLRQIURPVLPXODWLRQZLWKWKLVPXWDWLRQLL
$EVROXWHFRXQWVRIPXWDWHGFHOOVLQFU\SWDQGIODWPXFRVDRYHUWHQUHSHDWVLLL3HUFHQWDJHV
RIFHOOVPXWDWHGLQFU\SWDQGFHOOVPXWDWHGLQIODWPXFRVDRYHUWHQUHSHDWV
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